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ff 653 July 65 I. BRAIN PROBES 
A system t o  enable  monitoring of deep b r a i n  temperatures  over 
t h e  range of ca.  18' t o  13' C i s  under design and f a b r i c a t i o n .  
The o v e r a l l  system is i l l u s t r a t e d  i n  Fig.  1. It w i l l  be 
designed s o  t h a t  t h e  sub jec t ,  while ambulatory, w i l l  be  monitored con- 
t i n u o u s l y  a s  he w i l l  when a t  a f ixed  l o c a t i o n .  The probes w i l l  be  
f a b r i c a t e d  i n  t h r e e  lengths :  1.5, 2.5, and 3.5 cm. They w i l l  c o n s i s t  
of .013 inch  the rmis to r s  s ea l ed  wi th in  Teflon tubing,  which i t s e l f  i s  
f i l l e d  w i t h  Sylgard s i l a s t i c .  The Tef lon  tub ing  i s  used t o  p r o t e c t  t h e  
t h e r m i s t o r  and i t s  l eads .  The leads  a r e  brought t o  a te rmina t ing  plug 
e s p e c i a l l y  designed f o r  e a s y  disconnect t o  avoid s t r a i n  on t h e  probe 
and poss ib l e  damage t o  t h e  sub jec t .  See F ig .  2 f o r  probe. 
All m a t e r i a l s  s e l e c t e d  for t h e  probe can wi ths tand  au toc lav ing  
and a r e  g e n e r a l l y  non-oxidizing. The probe i s  held i n  p l ace  a t  t he  skull 
w i t h  t h r e e  s u t u r e  loops made of s t a i n l e s s  ' s t e e l ,  s u r g i c a l  a l l o y .  The 
epoxy c a s t i n g  used a s  t h e  skull anchor and s u t u r e  loop  r e t a i n e r  is  
covered w i t h  a t h i n  l a y e r  o f  medical s i l a s t i c .  While t h e  probe is  not  
expected t o  be i n  p lace  a s u f f i c i e n t  t ime t o  expect  s e r i o u s  t i s s u e  
r e a c t i o n  t o  t h e  epoxy c a s t i n g  ( r e s t s  i n  bone) ,  it seems wise t o  cover 
t h e  epoxy s u r f a c e s  w i t h  phys io log ica l ly  accep tab le  s i l a s t i c .  
The v a r i a t i o n  of probe-thermistor  r e s i s t a n c e  w i l l  modify t h e  
time Constant of a s p e c i a l  c i r c u i t  added t o  the  min ia tu re  f m  t r a n s m i t t e r  
. 
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Fig.  1. Probe, FM - Telemeter and R e c e i v i n g  - Record ing Systan .- 
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i nd ica t ed  i n  t h e  f i g u r e  c i t e d  above. 
modulate the  frequency modulation t r a n s m i t t e r .  
of t r a n s m i t t e d  s i g n a l  w i l l  be  p ropor t iona l  t o  sensed temperature .  
I n  e f f e c t ,  we w i l l  pu l se - r a t e  . 
The r e p e t i t i o n  frequency 
The s i g n a l  w i l l  b e  received by a commercially a v a i l a b l e  f m  
u n i t ,  p roper ly  condi t ioned and l i nea r i zed ,  and t h e n  recorded on the  
continuous ink w r i t e r  a s  i l l u s t r a t e d .  
To da te ,  t h e  b igges t  problems r e l a t e  t o  t h e  mechanical 
f a b r i c a t i o n  of t h e  probe i t s e l f .  While Tef lon  has h igh ly  d e s i r a b l e  
c h a r a c t e r i s t i c s  of i n e r t n e s s  and r e s i s t a n c e  t,o au toc lave  temperatures ,  
it has proved extremely d i f f i c u l t  t o  work wi th .  We b e l i e v e  t h e  b a s i c  
problems have f i n a l l y  been worked o u t  by anchoring t h e  Teflon tub ing  
w i t h i n  t h e  epoxy c a s t i n g  w i t h  shr ink-tubing.  
s e l e c t e d  t o  wi ths tand  temperatures  up t o  400°F. 
The epoxy i t s e l f  has been 
The f irst  probe w i l l  be sen t  t o  N I H  f o r  i n spec t ion  s h o r t l y .  
If it proves s u i t a b l e  a s  discussed, w e  w i l l  immediately f a b r i c a t e  the  
last two units and proceed t o  complete design and f a b r i c a t i o n  of t h e  
r e s t  of t h e  systern. 
11. MULTI-CHANNEL TELEMETRY 
During t h i s  per iod  t h r e e  major problems have been under a t t a c k :  
a .  Evalua t ion  of var ious t r a n s i s t o r s  i n  t h e  o s c i l l a t o r  c i r c u i t  
t o  minimize c u r r e n t  requirements .  
b .  S e l e c t i o n  of t r a n s i s t o r  types  lead ing  t o  s i m p l i f i e d  assembly 
procedures and more assured  procurement. 
c. Evolu t ion  of a n  f m  modulator of less  c u r r e n t  d r a i n  and more 
v e r s a t i l i t y  f o r  a v a r i e t y  of b i o l o g i c a l  t r ansduce r  i npu t s .  
E f f o r t s  t o  da t e  a r e  d iscussed .  
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. The fol lowing t r a n s i s t o r s  were t e s t e d  i n  o u r  o s c i l l a t o r  c i r c u i t  
and c u r r e n t  d r a i n s  a r e  ind ica t ed :  
T r a n s i s t o r  Type Current Drain f o r  Assured O s c i l l a t i o n  
FSP-k11/1 30 + pa 
~ 2 6 ~ 4  33 pa 
LM/406 30 .Pa 
T l X M l O l  40 pa 
It w i l l  be noted t h a t  t he  t r a n s i s t o r  type LnA/406 performed 
We have t h e r e f o r e  s e l e c t e d  t h i s  type  q u i t e  w e l l  on a r e l a t i v e  bas i s .  
u n i t  f o r  use. I t s  s e l e c t i o n  permits t h e  use of  LIX t r a n s i s t o r s  through- 
out and the re fo re  s i m p l i f i e s  bo th  procurement and wir ing  procedures.  
I n  the  process  of eva lua t ing  t h e s e  var ious  t r a n s i s t o r s  we made 
measurements a t  c o l l e c t o r  vo l tages  of 1.354, 2.70 and 3.00 v o l t s .  
was done t o  a s s e s s  e f f e c t  of c o l l e c t o r  vo l t age  on t h e  hfe c h a r a c t e r i s t i c  
of t h e  t r a n s i s t o r  a t  100 Mc/S. 
vol tages  would improve t h e  hfe s i t u a t i o n  and r e su l t  i n  a n e t  ga in  in 
e f f i c i e n c y .  Unfortunately,  over t h e  vol tage  and s i ze  range a v a i l a b l e  t o  
us from s tandard  mercury c e l l s ,  no improvement was obtained.  
This 
It was o u r  hope t h a t  h igher  c o l l e c t o r  
We found t h a t  t he  LDA t r a n s i s t o r  package i s  convenient f o r  use 
i n  t h e s e  t e l eme te r s  s i n c e  t h e y  a r e  ex t remely  uniform i n  shape and s i z e ,  
and t h e i r  so lde rab le  connect ion poin ts  permit  ea sy  c i r c u i t  app l i ca t ion .  
Both PNP and NPN units a r e  a v a i l a b l e ,  and p r i c e s  a r e  modest even i n  sma l l  
q u a n t i t y  procurement. 
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Work w i t h  t h e  f m  modulator has not  been simple or g r e a t l y  
s u c c e s s f u l  t o  da t e .  Based on pas t  work, it was planned t o  use t h e  
b a s i c  c i r c u i t ,  NPN-PNP complementary m u l t i v i b r a t o r ,  a s  a n  a l l -purpose  
modulator. However, it has become c l e a r  t h a t  while  t h i s  c i r c u i t  was 
b e a u t i f u l l y  app l i cab le  f o r  temperature a p p l i c a t i o n  and was success fu l ly  
compensated a s  r epor t ed  i n  o u r  Annual Report B2299, March 1966-March 1967, 
it lacked t h e  modulation s e n s i t i v i t y  requi red  f o r  t h e  v a r i e t y  of 
phys io log ica l  inputs  of i n t e r e s t .  
of ECG s i g n a l s ,  de p o t e n t i a l s ,  pH, e t c .  r equ i r ed  a d d i t i o n a l  complex 
c i r c u i t r y  of some magnitude. 
Because of t h e s e  f ind ings  w e  have decided t o  i n v e s t i g a t e  a 
It a l s o  became c l e a r  t h a t  condi t ion ing  
new pulse  c i r c u i t  modulator f o r  a p p l i c a t i o n  t o  t h e  problem. 
under s tudy  and w i l l  be repor ted  more f u l l y  i n  our  next  r e p o r t .  
It i s  now 
111. TELEMETRIC BRAIN TlQ4PERATUR.E SENSORS 
Two Mark IV-PLL(S) s p e c i a l  u n i t s  (low r e p e t i t i o n  frequency) 
were given t o  Dr. Mait land Baldwin of t h e  C l i n i c a l  Center  (Neurosurgery) 
N I H .  These devices  were p a r a f f i n  encapsula ted  and a r e  used wi th  a 
t r a n s i s t o r  r a d i o  and stopwatch-or can be used w i t h  a cardiotachometer  
f o r  readout .  
i n  70% a lcohol .  T o t a l  immersion t ime was e igh teen  hours i n  mul t ip l e  
a l c o h o l  ba ths ;  t h e  p a r a f f i n  was unharmed. However, t h i s  does - no t  
s t e r i l i z e  the  p a r a f f i n  depth, and it was found t h a t  v i a b l e  spores  a r e  
It was i n t e r e s t i n g  t o  no te  t h a t  t h e  p a r a f f i n  was s t e r i l i z a b l e  
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e a s i l y  lwcovered by  poss ib l e  abras ion  of t ,he s t e r i l i z e d  su r face .  This 
problem was e l imina ted  by using a t h i n  coa t ing  o f  medical s i l a s t i c .  
The b a c t e r i o l o g i c a l  s t u d i e s  were c a r r i e d  out by Dr. Baldwin. 
B io -  Ins  t r - m e n t a t i o n  Laboratory 
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